The relationship between the content of bioactive compounds and mutagenic activity of elderberry fruit at different stages of ripeness was investigated. Signifi cant differences in the antioxidant profi les (TLC, HPLC with post-column derivatization) and antioxidant activity (ABTS, DPPH, and FC tests) were observed for studied elderberry extracts. The more ripen the fruit at the time of harvest were, the higher the content of anthocyanins (increase from 0 to 7.8 mg g -1 d.w.) and antioxidant activity of the extracts (about 5-fold increase) were. Cyanogenic glycosides were not detected at any stage of ripeness. Accordingly, Ames MPF test (Xenometrix) did not reveal any mutagenicity. Our study suggests that instability of cyanogenic glycosides ensures safety of food/pharmaceutical products based on even not fully ripen elderberry fruit.
Elder (Sambucus nigra L.) is a widespread wild growing plant in Europe, Asia, North Africa, and North America. For thousands of years, S. nigra has been used in folk medicine as a cure for colds, asthma, arthritis, pain relief, infl ammation, and even constipation. It is cultivated for ornamental purposes, but also it is a long recognised source of bioactive components. Because of consumers' growing interest in natural remedies, Sambucus nigra fruit and fl owers in the form of standardized extracts are used as an alternative to synthetic drugs for treating infl uenza and other viral infections (ZAKAY-RONES et al., 2004; ROSCHEK et al., 2009; KINOSHITA et al., 2012; SWAMINATHAN et al., 2013) . However, elderberry based products can be potentially toxic, because bark, leaves, seeds were shown to contain cyanogenic glycosides, such as sambunigrin (ULBRICHT et al., 2014) . Regarding the fruit, unripe berries were suggested also to contain these substances, but to our best knowledge there are no specifi c data on the content of cyanogenic glycosides in S. nigra fruit.
The aim of this study was to investigate the relationship between the stage of ripeness of elderberry and composition of both health benefi cial (phenolic compounds) as well as potentially toxic compounds (cyanogenic glycosides). To our knowledge, such a relationship has not been investigated so far. The following indices were determined: biologically active components by HPLC, total antioxidant activity by spectrophotometric methods (ABTS, DPPH, and FC), antioxidant profi les by TLC, and post-column derivatization. To assess potential mutagenic effects of elderberry fruit extracts, the Ames MPF test was used.
Materials and methods

Chemicals and reagents
The following chemicals were used: 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2-azinobis-(ethyl-2,3-dihydrobenzothiazoline-6-sulphonic acid) diammonium salt (ABTS), FolinCiocalteu's phenol reagent (FC), HPLC grade acetonitrile and formic acid from Merck (Germany); standards: 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) and rutin from Sigma-Aldrich (USA), cyanidin-3-glucoside from Fluka (USA), and chlorogenic acid from Extrasynthese (France). HPLC grade solvents were from Chempur (Poland) or POCH (Poland). Water was purifi ed with a QPLUS185 system from Millipore (USA).
Plant material and extracts
Elderberry fruit (about 0.5 kg) at different stages of ripeness covering one growing season were hand harvested from the same shrub in a private garden in the area close to the University. The berries were randomly chosen from different parts of the shrub and kept at -20 °C until studied. To obtain extracts, the fruit were freeze-dried using Christ Alpha 2-4 LSC, and 0.2 g of lyophilizate was suspended in 3 ml of 70% methanol (chemical determinations) or deionized water (Ames MPF test) and placed in the ultrasound bath for 10 min. Then, the suspensions were centrifuged (Heraeus Megafuge 16R Centrifuge) at 5000 r.p.m. for 20 min at 4 °C in order to remove particulates. The supernatants were used in further tests; for Ames MPF test they were additionally sterilized by passing through Millex sterile R 33 mm (0.22 μm) syringe-driven fi lters (Millipore).
To obtain methanolic macerates, 1 g portion of fresh fruit/leaves was mixed with 1 ml (2 ml in the case of leaves) of 70% methanol and macerated in a mortar. The macerates were centrifuged (Heraeus Megafuge 16R Centrifuge) at 5000 r.p.m. at 4 °C for 20 min in order to remove particulates. The supernatants were used for the determination of cyanogenic glycosides in fresh samples and after one day of storage at 4 °C.
Total antioxidant activity of fruit extracts by spectrophotometric methods
The methods employing ABTS and DPPH radicals, as well as FC reagent, were used for the colorimetric determination of the total antioxidant activity as described earlier (KUSZNIEREWICZ et al., 2012) .
Determination of bioactive components by HPLC
Quantitative determination of phenolic compounds in fruit extracts was performed using the Agilent 1200 Series HPLC-DAD-MS (High-performance liquid chromatography with photo diode array and mass spectrometer detectors) system (Agilent Technologies, USA) as described earlier (KUSZNIEREWICZ et al., 2012) . Chromatographic separations of cyanogenic compounds were performed on an Agilent Eclipse XDB-C8 column (150×4.6 mm, 3.5 μm). The conditions of chromatographic separation of cyanogenic glycosides present in elderberry extracts (70% methanolic) were as follows: mobile phase: A: 0.1% (v/v) formic acid in water, B: 0.1% (v/v) formic acid in acetonitrile; elution program: 0 min: 5% B, 20 min: 30% B, 30 min: 100%, and 5 min post-run delay; fl ow rate: 1 ml min -1 ; injection volume: 6 μl. The mass detector was used in a scanning mode from 100 to 800 atomic mass units (amu). Drying gas temperature was 350 °C and nitrogen was the sheath gas. Data from the mass detector were collected, compiled, and analysed using Chemstation Rev.B.04.02.
The analysis of indolic auxins was performed by HPLC-DAD-FLD (High-performance liquid chromatography with photo diode array and fl uorescence detectors) according to PILIPCZUK and co-workers (2015).
Profi les of antioxidants using TLC and HPLC-coupled post-column derivatization
Profi les of antioxidants in methanolic plant extracts studied were obtained either by TLC (Thin Layer Chromatography) using method described previously (KUSZNIEREWICZ et al., 2012) or by post-column online derivatization with ABTS reagent injected to eluate from HPLC column using Pinnacle PCX Derivatization Instrument (Pickering Laboratories, Inc., USA) according to KUSZNIEREWICZ and co-workers (2011).
Determination of mutagenicity by Ames MPF test
The induction of mutations by elderberry extracts was studied using microplate version of Ames test (Ames MPF kit, Xenometrix, Switzerland). The procedure followed strictly producer's recommendations available from the website: http://www.xenometrix.ch/index. php?id=61.
Statistical analysis
All values were expressed as the mean±SD of three independent experiments unless stated otherwise. Correlations between antioxidant activity, anthocyanin content, and auxin content were examined using Pearson's correlation. Statistical differences among samples were estimated using one-way ANOVA (GraphPad Prism).
Results and discussion
The plant material for this study was collected over 10 weeks' period to obtain the whole spectrum of ripeness stages. Table 1 shows sample abbreviations and harvest date of elderberry fruit that were used throughout this study. Table 1 TLC profi les of anthocyanins and other potential antioxidants present in extracts of elderberry fruit at different stages of ripeness are shown in Figure 1 . Three major red pigments were detected from fruit harvested after 4 weeks of ripening. Their composition remained unchanged, only abundance seemed to increase with time. In contrast, antioxidant profi les of tested samples were changing signifi cantly. For early stages of ripening, they were characterized by much poorer variety of antioxidative components than the ones obtained for ripe fruit. Moreover, the early occurring antioxidants possessed different chromatographic properties, hence different chemical structures from those occurring at later stages of ripeness. Two major redox active bands observed in unripe fruit gradually disappeared, while other constituents corresponding to anthocyanins begun to be formed.
HPLC determination of bioactive compounds
Phenols and indoles belong to two major families of phytochemicals with health-promoting properties documented in various biological models. The occurrence of these compounds may infl uence chemopreventive potential of elderberry fruit and products based on them. Figure 2 shows exemplary HPLC fi ngerprints of phenolic phytochemicals for three samples representative for consecutive stages of ripeness along with antioxidant profi les generated after derivatization with ABTS radical. The contents of phenolic phytochemicals identifi ed are presented in Table 2 . In unripe elderberry extracts, higher contents of neochlorogenic ( Fig. 2, peak 1 ) and chlorogenic acid (Fig. 2, peak 2 ) than in the extracts from ripe fruit were observed. These two phenolic acids present in fruit at early stage of ripeness, appeared in TLC profi les as two fast migrating bands. Their contents, as well as the content of rutin (Fig.  2, peak 7 ) went down during fruit maturation. In accord with TLC profi les, in extracts of ripe elderberry, three main anthocyanins were identifi ed. These were: cyanidin-3-O-sambubioside-5-O-glucoside identifi ed by its [M + ] at m/z 743 (Fig. 2, peak 3 (Fig. 2, peak 6 ). These cyanidins are known to be the most common anthocyanins in elderberry fruit, which is confi rmed by our results and those recently published by others (YOUDIM et al., 2000; LEE & FINN, 2007; DUYMU Ş et al., 2014; MIKULIC-PETKOVSEK et al., 2014) . The content of identifi ed anthocyanins, once they appeared, increased rapidly with the stage of ripeness, but after about 6 weeks, the increases slowed down (Fig. 3) . When fruit became fully ripen, the anthocyanin content remained more or less stable.
In contrast to anthocyanins, the contents of indolic compounds detected declined steadily with the stage of ripeness (Table 2) . Antioxidant capacities determined by standard spectrophotometric batch tests (ABTS, DPPH and FC) were highly correlated with the results obtained by HPLC with post-column derivatization. In general, the more ripen were the fruit, the higher the content of anthocyanins and antioxidant activity of these extracts were (Fig. 3) . Signifi cant increase in antioxidant activity of tested samples was visible since D32 (Table 3 ). The highest antioxidant activity among tested plant samples showed sample D64, which was collected as the last one in September. The lowest activity exhibited by the extracts D1 and D23 represented unripe fruit. Total antioxidant activity of the extracts numerically varied between batch tests, which is not surprising as they differ in substrate specifi city, but the results were signifi cantly correlated with each other as evidenced by the values above 0.97 of the Pearson coeffi cient (Table 4) . Moreover, the comparison between the TE values determined by off-line tests (Fig.  3) and by post-column on-line derivatization (Fig. 2) revealed that the antioxidant activity of extracts studied came mainly from cyanidin-3-O-glucoside and cyanidin-3-O-sambubioside. The concentration of indoles was also strongly, albeit inversely, correlated with the antioxidant activity determined by FC, DPPH, or ABTS tests. 
Assessment of risk
HPLC-DAD-MS method used to determine the composition of cyanogenic glycosides in elderberry fruit extracts did not detect the presence of any components belonging to this group in tested samples. Because of such an unexpected result, it was decided to check whether this might be the effect of sample preparation or sample storage at low temperature, because it has been suggested before that this group of bioactive compounds is sensitive to low temperature. To test this possibility, the macerates were prepared in methanol from plant material expected to contain substantial amounts of cyanogenic glycosides, that is freshly harvested elder leaves and unripe, green fruit, as well as for comparison, semi-ripe (red fruit) and fully ripe (black fruit). The macerates were then analysed for the content of cyanogenic glycosides on the same day or after 24 h of storage at 4 °C. In general, only trace amounts of components with appropriate m/z value could be spotted in MS spectra. The highest signal for a peak corresponding to sambunigrin was detected in leaves, whereas the weak signal for this compound, still decreasing with the stage of ripeness, in elderberry fruit. Moreover, the signal for sambunigrin became undetectable after one day of storage of extracts in the fridge. All in all, the amounts of cyanogenic glycosides were too small to perform reliable quantifi cation of their content based on HPLC analysis. It can be concluded, that the amount of components of elderberry fruit that could release toxic HCN at the level posing risk to human health can be rather excluded. Another way of examining safety of the studied elderberry extracts relied on the assessment of their mutagenic activity performed by the microplate MPF version of Ames test. TA98 strain of Salmonella typhimurium, a standard strain for Ames test with broad spectrum of sensitivity, was used for this purpose. The observed mutagenicity induced by elderberry extracts, both with and without S9 fraction, was considerably lower than that for positive control -2-aminoanthracene, for which the number of revertants reached the value of 42 for 48 being the maximum. Also, calculated according to the MPF Ames test producer's recommendations, fold induction in revertant number over the negative control was less than 2.0, which indicates no mutagenic effect. The mutagenicity of samples D46 to D60, which appeared to induce more revertants than other extracts, was not signifi cantly higher than that of negative control representing spontaneous mutations (Fig. 4) . Therefore, it can be concluded that the water extracts from elderberry fruit at different stages of ripeness show no mutagenic activity in S. typhimurium TA98 strain -neither without, nor with metabolic activation by rat liver S9 fraction. Fig. 4 . Mutagenic activity of water extracts of elderberry fruit at different stages of ripeness determined by Ames MPF test in S. typhimurium strain TA98 with (black bars) and without (white bars) metabolic activation with S9 fraction. Positive controls were: 2-nitrofl uorene (2NF, for TA98 -S9) and 2-aminoantracene (2-AA, for TA98 +S9). The values are means±SD of 3 independent determinations. Signifi cantly different values determined by one-way ANOVA with Dunnett's test were marked as: * P<0.05, ** P<0.01.
Conclusions
This study showed that the composition of bioactive components and antioxidant activity of extracts of elderberry differ substantially along the stages of ripeness. The antioxidant capacity, which is a potentially health promoting property of elderberry, increases. The redox active phytochemicals found in ripe fruit seem to interact antagonistically diminishing the antioxidant capacity of natural phytocomplex. The cyanogenic components of elderberry turned out to be either very unstable or occurred in ripe fruit in concentrations below LOD (Limit of the Detection). The studied extracts of S. nigra did not show any indication of mutagenic effect towards S. typhimurium TA98 strain at any stage of ripeness. Neither chemical composition nor biological tests used revealed any risk that could be associated with the consumption of elderberry based products, especially when they are prepared with fully ripen fruit. *
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